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The  notion  of ‘transformations  towards  sustainability’  takes  an  increasingly  central  posi-
tion  in  global  sustainability  research  and  policy  discourse  in  recent  years.  Governance  and
politics  are  central  to understanding  and  analysing  transformations  towards  sustainability.
However,  despite  receiving  growing  attention  in  recent  years,  the  governance  and  politics
aspects  of transformations  remain  arguably  under-developed  in  the  global  sustainability
literature.  A variety  of  conceptual  approaches  have  been  developed  to  understand  and
analyse  societal  transition  or transformation  processes,  including:  socio-technical  tran-
sitions, social-ecological  systems,  sustainability  pathways,  and transformative  adaptation.
This paper  critically  surveys  these  four approaches,  and  reﬂects  on them  through  the  lens  of
the  Earth  System  Governance  framework  (Biermann  et al., 2009).  This  contributes  to  appre-
ciating existing  insights  on  transformations,  and  to identifying  key  research  challenges
and  opportunities.  Overall,  the  paper  brings  together  diverse  perspectives,  that  have  so  far
remained  largely  fragmented,  in order to strengthen  the  foundation  for future  research  on
transformations  towards  sustainability.
© 2016  Elsevier  B.V.  All  rights  reserved.Please cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
∗ Corresponding author.
E-mail addresses: james.patterson@uqconnect.edu.au, james.patterson10@gmail.com (J. Patterson), schulzk@uni-trier.de (K. Schulz),
oost.vervoort@eci.ox.ac.uk (J. Vervoort), s.c.vanderhel@uu.nl (S. van der Hel), oscar.widerberg@vu.nl (O. Widerberg), carolina.adler@env.ethz.ch
C. Adler), Margot.Hurlbert@uregina.ca (M. Hurlbert), karen.anderton@ouce.ox.ac.uk (K. Anderton), mahendrasethi@hotmail.com (M. Sethi),
liyubarau1@yahoo.co.uk (A. Barau).
http://dx.doi.org/10.1016/j.eist.2016.09.001
210-4224/© 2016 Elsevier B.V. All rights reserved.
G Model ARTICLE IN PRESSEIST-222; No. of Pages 16
2 J. Patterson et al. / Environmental Innovation and Societal Transitions xxx (2016) xxx–xxx
1. Introduction
The notion of ‘transformations towards sustainability’ takes an increasingly central position in global sustainability
research and policy discourse in recent years. For example, it is one of three core themes of the global sustainability research
platform Future Earth (Future Earth, 2014a), and frequently employed in discussions on the Global Goals for Sustainable
Development (e.g. HLPEP, 2013; Hajer et al., 2015). Interest in transformations reﬂects enthusiasm within global sustain-
ability discourse for moving from ‘describing problems’ to ‘identifying solutions’, and for better understanding possible
pathways of sustainable environmental and societal change within the looming Anthropocene (Rockström et al., 2009;
Raworth, 2012; Bai et al., 2015). Governance and politics are central to understanding, analysing, and shaping transfor-
mations towards sustainability. This is because: (1) governance is inherently implicated in any intentional effort to shape
‘transformations towards sustainability’, and (2) transformations towards sustainability are deeply and unavoidably politi-
cal, and need to be recognised as such. However, despite receiving growing attention in recent years, ways of understanding
and analysing governance and politics remain under-developed in academic literature on transformations.
The notion of transformation appears increasingly attractive to articulate aspirations for signiﬁcant and enduring change
in human society towards more sustainable and equitable global futures (Future Earth, 2014a,b).‘Transformations towards
sustainability’ refer to fundamental changes in structural, functional, relational, and cognitive aspects of socio-technical-
ecological systems that lead to new patterns of interactions and outcomes (drawing on de Haan and Rotmans, 2011;
Hackmann and St. Clair, 2012; O’Brien, 2012; Feola, 2014). It places an explicit focus on the processes of change in human
society involved in moving towards more sustainable and equitable futures, which can be approached in both a normative
way (e.g. as a good/desirable thing to do) as well as an analytical way (e.g. what actually ‘happens’, and how and why). Efforts
to bring about transformations towards sustainability however, are likely to be deeply political and contested because dif-
ferent actors will be affected in different ways, and may  stand to gain or lose as a result of change (Meadowcroft, 2011; van
den Bergh et al., 2011). Moreover, framings and narratives of transformation processes are socially constructed and may
be viewed differently, due to differing judgments about problem boundaries, perceptions of change processes, contested
uncertainties and ambiguities, and sometimes incommensurable value sets (Stirling, 2011; O’Brien, 2012). For example, the
need for urgent decarbonisation of energy systems in society is framed, promoted and resisted by different actors in a wide
variety of ways, and continues to prove extremely complex and challenging to bring about at a societal level (WBGU, 2011;
Hilldingsson, 2014).
Research interest in sustainability transformations1 is growing across a range of problem domains and (inter) disci-
plinary perspectives. For example, sustainability transformations are explored in diverse problem domains such as energy
systems (Loorbach and Rotmans, 2010; WBGU, 2011), water systems (Pahl-Wostl et al., 2010; Ferguson et al., 2013), food
systems (Vermeulen et al., 2013; Gliessman, 2015), urban systems (McCormick et al., 2013; Revi et al., 2014), and green jobs
(Fischer-Kowalski et al., 2012). A variety of approaches to conceptualising transformations towards sustainability have been
developed in the literature, including socio-technical transitions (e.g. Geels, 2002; Geels and Schot, 2007), and transitions
management (Kemp et al., 2007; Loorbach, 2009), social-ecological transformations (e.g. Olsson et al., 2006, 2014; Westley
et al., 2011), transformative pathways to sustainability (e.g. Leach et al., 2012, 2013; Stirling, 2014), and transformative
adaptation (e.g. Pelling, 2011; O’Brien and Selboe, 2015). There is often overlap between these approaches, but they are
also distinct and somewhat divergent in how they conceptualise transformations. This burgeoning interest and conceptual
experimentation provides a rich landscape for the study of transformations towards sustainability. However, while the fun-
damental importance of governance and politics is increasingly recognised, these aspects arguably remain under-developed,
particularly in light of their fundamental importance to understanding and analysing transformations.
There is a need to place governance and politics at the centre of research on transformations towards sustainability (Smith
et al., 2005; Smith and Stirling, 2010; O’Brien, 2012; Olsson et al., 2014; Scoones et al., 2015). This paper aims to explore
the governance and politics of transformations towards sustainability by applying a conceptual lens that takes a political
perspective of governance for sustainability: the Earth System Governance (ESG) framework (Biermann et al., 2009). This
framework is useful because it articulates a high-level set of dimensions and themes that are essential to understanding and
analysing the governance and politics of global sustainability issues. It has been widely peer-reviewed and is the organising
principle for the largest global network of social scientists in environmental governance (the ‘Earth System Governance
Project’). The paper ﬁrst considers the relationship between governance and transformations towards sustainability (Section
2), and then critically surveys several prominent conceptual approaches to transformations in the global sustainabilityPlease cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
literature (Section 3). These approaches are then compared through the lens of the ESG framework in order to identify key
insights and the existing state of knowledge on transformations regarding governance and politics (Section 4). Research
challenges and opportunities are identiﬁed discussed by collectively considering the four approaches in the context of the
1 We use the term ’sustainability transformations’ as an umbrella term to encompass diverse perspectives on transitions and transformations in the
global sustainability literature, including those addressed in this paper but potentially also others. Debates about these terms are ongoing, and we follow
Stirling (2014), in using ’transformation’ as a broad encompassing term. Nonetheless, t¨he utility of this distinction [between transition and transformation]
is  heuristic . . . rather than formal or deﬁnitive. The real value lies in considering implications on a concrete case by case basis, by reference to real-world
examples and settings. . . . the point here is not to insist on particular deﬁnitions for speciﬁc words . . . [and] Much existing usage of either term, often
legitimately also implies the other(¨Stirling, 2014, p.13).
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roader notion of transformations towards sustainability (Section 5). The paper concludes with critical reﬂections on the
otential of the notion of transformations towards sustainability, and of the ESG framework as a lens for understanding and
nalysing transformations (Section 6).
The paper contributes to building on rich but fragmented existing literature in order to lay a foundation for progressing
esearch on the governance and politics of transformations towards sustainability. It compares and assessesses multiple
ifferent perspectives on transition and transformation within the global sustainability literature. This is important because
 broad range of scholars, policymakers and practitioners are increasingly looking to better understand the diverse range
f perspectives on transition and transformation present in the literature. However, this can be confusing, especially to
eople not deeply familiar with the research traditions, theoretical conceptualizations, and key arguments put forward
y various different schools of thought. We  aim to contribute to ‘making sense’ of the multiple, sometimes overlapping,
erspectives in the literature by stepping back to compare and assess different approaches and their views on how processes
f transition/transformation in society operate, with a particular focus on governance and politics.
. Governance and transformations
.1. The notion of transformations
While the notion of transformations is only recently being taken up as a speciﬁc focus within global sustainability dis-
ourse, it has a longer (although sporadic) background across several bodies of literature. An early use of the notion of
ransformations in the context of societal systems was by the political economist Polanyi, who examined political economic
ransformation in the emergence of the modern ‘market state’. Polanyi (1944) described transformation as a fundamental
ltering of humankind’s mentalities which creates new institutions reconstructing the state, the economy, and relations of
istribution. Over later decades, public policy researchers tended to focus on explanations of ‘punctuated equilibrium’ to
xplain radical institutional change, which involves periods of stability and occasional abrupt change when the distribution
f power among dominant actors changes signiﬁcantly (Baumgartner and Jones, 1993). However, a focus on punctuated
quilibrium is incomplete for understanding the many gradual ways in which institutional change and societal transfor-
ation can occur (Thelen, 2009; Mahoney and Thelen, 2010). More broadly, Norgaard (1995, 2006) argues that patterns of
uman development and societal change are coevolutionary and emerge from ongoing mutual interaction between human
ystems (e.g., values, knowledge, organisation, technology) and environment systems.
Collectively this prior scholarship offers several signiﬁcant insights for understanding and analysing transformations
owards sustainability. First, transformations are complex, dynamic, political, and involve change in multiple systems (e.g.,
ocial, institutional, cultural, political, economic, technological, ecological) (van den Bergh et al., 2011). Second, trajectories
f transformative change are likely to emerge from coevolutionary interactions between multiple systems, and thus cannot
e viewed in a narrow disciplinary-bounded or deterministic way. Taken together, this raises major questions about what
governing’ transformations towards sustainability might involve. For example, how can governance contribute to shaping
r steering transformations, particularly within the real-world constraints of actual governance contexts (e.g., fragmented
nstitutional arrangements, contested policy processes, and tightly constrained or poorly delineated roles and capabilities of
olicymakers and administrators), and given the complex, contested and coevolutionary nature of societal change? Which
overnance systems support societal transformations, and when do societal transformations require or enforce transfor-
ations in governance? Finally, it cannot be assumed that change will not be met  with resistance, especially when deeply
eld norms and values are questioned—indeed, transformations may  involve ‘battles of institutional change’ (Chhotray and
toker, 2009), but the processes and implications of such disruptive change are little understood.
.2. The role of governance
Governance refers to the structures, processes, rules and traditions that determine how people in societies make decisions
nd share power, exercise responsibility and ensure accountability (Folke et al., 2005; Lebel et al., 2006; Cundill and Fabricius,
010). This includes multiple possible modes of policy and decision making (e.g., hierarchical, market, network), and multiple
ossible actors (e.g., government, industry, research, civil society). We  draw on the deﬁnition of the Earth System Governance
roject, that governance refers to “the interrelated and increasingly integrated system of formal and informal rules, rule-
aking systems, and actor-networks at all levels of human society (from local to global) that are set up to steer societies
owards preventing, mitigating, and adapting to global and local environmental change and, in particular, earth system
ransformation, within the normative context of sustainable development” (Biermann et al., 2009). Governance can be seen
n several ways, including: as a scientiﬁc concept employed to conceptualise and empirically trace transformations and
nstitutionalised interventions in societies; as a normative program based on the ambition to realise and manage politicalPlease cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
hange; and as a critical societal discourse linked to wider debates on global change (Eguavoen et al., 2015).
It is important to think critically about the notion of transformations, and the value it can potentially add to the existing
usiness of environmental policy and governance. For example, is the notion of transformations useful for purposefully steer-
ng society towards sustainability, or is it largely conﬁned to an ex-post role to describe change processes after they occur?
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This raises questions about the role of governance in shaping transformations towards sustainability. Several sometimes-
overlapping views on governance and transformation are reﬂected in the global sustainability literature:
• governance for transformations i.e., governance that creates the conditions for transformation to emerge from complex
dynamics in socio-technical-ecological systems,
• governance of transformations i.e., governance to actively trigger and steer a transformation process, and
• transformations in governance i.e., transformative change in governance regimes.
For example, social-ecological systems scholars have focused on understanding how adaptive governance can facilitate
adaptability and transformability in social-ecological systems (Walker et al., 2004; Folke et al., 2005; Olsson et al., 2006).
This has included proposals that ‘governance for navigating change’ requires a dual focus on both ‘adapting’ (i.e. “short and
long-term responses and strategies to buffer perturbations and provide capacity to deal with change and uncertainty”), and
‘transforming’ (i.e. “strategies to create a fundamentally new system when current conditions make the existing system
untenable”) (Armitage and Plummer, 2010). Transitions scholars have explored the governance of transitions in socio-
technical systems (e.g., Smith et al., 2005; Foxon et al., 2009; Loorbach, 2009), assuming that whilst change cannot be
controlled it can nevertheless be steered through ‘goal-oriented modulation’ of co-evolutionary change processes (Kemp
et al., 2007). Development scholars have argued vigorously for the need to focus on the socially-embedded and power-
laden nature of sustainability governance contexts, placing a central focus on marginalised groups (Leach et al., 2007a,b),
and to “culture plural [forms of] radical progress” through recognising democratic struggle as a fundamental force for
societal transformation (Stirling, 2014). More broadly, political scientists have long emphasised the deeply political and
normative aspects of governance for sustainability (Meadowcroft, 2007) such as the dominance of (neo)liberal environmental
norms in global environmental governance (Bernstein, 2002), and the importance of pluralism and democratic debate as
a basis for sustainability agendas (Meadowcroft, 1997). These different approaches have different kinds of implications for
understanding governance in regard to transformations towards sustainability.
Under a normative view of transformation, it is important to consider how and the extent to which it is possible for
governance to purposefully foster transformations. For example, in discussing governance for global environmental change,
Duit et al. (2010) invoke Lindblom’s (1959) concept of policy making as a process of ‘muddling through’, stating that: “at
the end of the day, governance solutions for many of those problems rooted in complex systems dynamics will, as always,
consist in incrementally implemented, heterogenic, and piecemeal mixes of policy instruments, institutions, networks and
organizations”. However, it is also important to recognise when incremental change is insufﬁcient for meeting desired goals,
and thus when transformative change must be pursued (Kenny and Meadowcroft, 1999; Kates et al., 2012). Other scholars
have tried to bridge the gap between either incrementalism or transformative change, to ﬁnd a more fruitful middle ground.
Weiss and Woodhouse (1992) respond to key critiques of ‘incrementalism’ (i.e. lack of goal orientation, conservatism, limited
applicability, unconduciveness to analysis), arguing that not only are these critiques overblown, they also largely reﬂect a
deeper anxiety about “the deep and troubling questions raised for political organization and action by the sharp constraints
on human capacities for understanding policy problems and options” (Weiss and Woodhouse, 1992, p.270). This anxiety is
unlikely to have disappeared in the period since this work was published. Hence Weick’s (1984) suggestion remains timely,
that responding to complex societal policy problems could beneﬁt from an approach focusing on “small wins”, which refers
to “concrete, complete outcomes of moderate importance” that can create momentum for larger-scale change. Interestingly,
Weick (1984, pp. 43–44) states that “careful plotting of a series of wins to achieve a major change is impossible because
conditions do not remain constant”, and therefore what matters most is “identifying, gathering, and labeling several small
changes that are present but [largely] unnoticed”, and creating new narratives that link up small changes in multiple as-yet
unconnected areas. Therefore while particular interventions may  be incremental or piecemeal, small to moderate changes
could have the potential to cumulate into more substantial transformation over time.
Hence perhaps governance for sustainability transformations entails a dual focus on high-level, longer-term transforma-
tion combined with an honest recognition of the realities of near-term incrementalism at the same time. That is, a strategy of
incremental change with a transformative agenda, where a normative focus on sustainability transformations helps to orient
incremental efforts (such as policy change) within a broader narrative of transformative change. This aligns with Levin et al.
(2012) who call for a focus on ‘progressive incremental’ change, where policy-makers focus on relatively small yet cumulative
incremental steps that contribute to creating new path-dependencies towards more desirable futures, and also Grunwald’s
(2007) notion of ‘directed incrementalism’ that aims to connect long-term normative sustainability goals with the realities
of incremental decisions in the present. It also aligns with emerging ideas from institutional literature on the often gradual
nature of institutional change (Streeck and Thelen, 2005; Mahoney and Thelen, 2010), which explores “how transformativePlease cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
changes can happen one step at a time” (Streeck and Thelen, 2005, preface). It also resonates with the idea of a planning
modality of ‘mutual adjustment’ where “planning for sustainable development implies a degree of forward-oriented thought
and action by government [but] does not require directing society towards some comprehensively pre-determined social
end state” (Kenny and Meadowcroft, 1999, p. 18).
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aig. 1. Applying the existing ESG framework (Biermann et al., 2009) to the challenge of understanding and analysing transformations towards sustainability.
.3. The Earth System Governance framework
The Earth System Governance (ESG) framework (Biermann et al., 2009) is highly relevant to the challenge of under-
tanding and analysing the governance and politics of transformations towards sustainability. It comprises a matrix of
ey governance problems, and cross-cutting themes that are inherent to dealing with global sustainability problems. Key
overnance challenges are caputured under “ﬁve A’s” of: architecture, agency, adaptiveness, accountability, and allocation
nd access. Architecture refers to “the overarching system of public or private institutions, principles, norms, regulations,
ecision-making procedures and organizations that are valid or active” in [a particular] issue area” (Biermann et al., 2010).
gency is constituted by the actions of actors (e.g., individuals, organizations, states), which interact with social and institu-
ional structures (Archer, 2000) to shape change in socio-technical-ecological dynamics (Biermann et al., 2010). Adaptiveness
escribes “changes made by social groups in response to, or in anticipation of, challenges created through environmental
hange . . . [and] includes the governance of adaptation to social-ecological change, as well as the processes of change and
daptation within governance systems” (Biermann et al., 2010). Accountability and legitimacy are key concerns in regard
o democratic governance and also in inﬂuencing institutional effectiveness (Biermann et al., 2010). Allocation and access
ntails issues relating to mechanisms for addressing questions of “who gets what, when, where and how” which “is a key
uestion of politics” that fundamentally involves moral and ethical issues (Biermann et al., 2010). The cross-cutting themes
f power, knowledge, norms, and scale further highlight politically-laden governance challenges. At the centre of the ESG
ramework are particular problem domains (i.e. energy, food, water, climate, and economic systems), which are likely to be
he focus of efforts to bring about transformations towards sustainability. The ESG framework has been extensively peer-
eviewed (e.g., see: Biermann et al., 2009, 2010, 2012) and is the organising principle for the largest global network of social
cientists in environmental governance (the ‘Earth System Governance network’).
We extend the ESG framework to include an explicit temporal dimension when applying the framework in the context
f transformations towards sustainability, as shown in Fig. 1. This is useful in bringing to attention the kinds of governance
imensions that need to be considered in understanding and analysing transformations towards sustainability, especially
ecause different conceptual approaches (e.g. socio-technical transitions, social-ecological transformations, sustainability
athways, transformative adaptation) may  emphasise different subsets of these governance dimensions. The framework
oes not prescribe or make judgements about the nature of transformation processes, nor does it privilege any particular
onceptual approach. In this way, it provides a meta-framework for systematically considering key aspects of the governance
nd politics of transformations, which is ﬂexible enough to accommodate a multiplicity of speciﬁc conceptual approaches.
his is beneﬁcial for allowing structured reﬂection and cross-case analysis (even when differing conceptual approaches to
ransformations are applied) that can inform theory-building over time. The framework also provides a boundary concept for
esearchers from diverse disciplines to appreciate the diverse governance and political aspects of transformations towards
ustainability, and to identify common research questions and gaps.Please cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
. Four conceptual approaches to transformations
In this section, we brieﬂy describe the historical background and key propositions of four prominent conceptual
pproaches to transformations in the global sustainability literature: socio-technical transitions, social-ecological trans-
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formations, sustainability pathways, and transformative adaptation. While the four perspectives often overlap, they each
contribute important insights and a distinctive view on transformations towards sustainability.
3.1. Transitions approaches
Socio-technical transitions and transitions management approaches (’transitions approaches’) have been formative in
inﬂuencing and underpinning much research concerned with long-term societal change towards sustainability, as readers
of this journal would be strongly aware. Collectively, the disciplinary roots of transitions approaches are broad, weaving
together strands of scholarship from technology studies, complex systems, institutional analysis, and evolutionary and insti-
tutional economics (e.g. Kemp et al., 2007; van den Bergh et al., 2011). Prominent concepts include a multi-level perspective
(i.e. niche, regime, landscape levels) where transition is understood to involve change at multiple levels, and co-evolutionary
change involving technological, social, institutional, and economic systems (Kemp et al., 2007; Geels, 2002; Geels and Schot,
2007).
There are different emphases within contemporary transitions scholarship focusing on either a ‘multi-level perspective’
or ‘transition management’ (van den Bergh et al., 2011). The multi-level perspective views transitions as occurring through
niche-level innovations that have the potential to disrupt established socio-technical regimes, embedded within a broader
socio-technical landscape (Geels, 2002). Under this view, a variety of transitions pathways can arise, not all of which consti-
tute ‘complete’ transition as the pathways may  become stalled or locked-in along the way  (Geels and Schot, 2007). Transitions
management focuses on the complex adaptive systems nature of transitions, and draws on systems thinking concepts (e.g.
self-organisation, attractors, feedback) to underpin a purposeful approach to shaping transition processes through culti-
vating experiments, focusing on front runners, and collaborative visioning (Foxon et al., 2009; Loorbach, 2009). Transitions
pathways emerge from four interconnected spheres of activity: strategic (creating a transition arena, particularly focusing
on ‘frontrunners’ and vision), tactical (developing a concrete transition agenda such as possible transition paths, and barriers
to be overcome), operational (transitions experiments are encouraged and attempts made to scale-up promising options),
and reﬂexive (monitoring and evaluation of actors, actions, and progress towards the transition agenda) (Loorbach, 2009).
3.2. Social-ecological transformations
A social-ecological systems perspective is another body of scholarship that has strongly inﬂuenced emerging notions
of transformations towards sustainability. Its disciplinary roots are historically associated with ecology, but over time this
has merged with an eclectic diversity of social sciences disciplinary perspectives, although not without critique (e.g. Cote
and Nightingale, 2012). Social-ecological systems literature is based on complex adaptive systems theory, and highlights
‘transformability’, along with resilience and adaptability, as a key property of interest in social-ecological systems (Gunderson
and Holling, 2002; Berkes et al., 2003; Walker et al., 2004; Folke et al., 2010). Transformability is deﬁned as: “the capacity to
create a fundamentally new system when ecological, economic, or social (including political) conditions make the existing
system untenable” (Walker et al., 2004), which results in “different controls over system properties, new ways of making a
living and often changes in scales of crucial feedbacks” (Chapin et al., 2009). It is linked to resilience, because “transformational
change at smaller scales enables resilience at larger scales” (Folke et al., 2010) and, conversely, undesirable transformations
imply a loss of resilience.
It is proposed that transformations “can be purposefully navigated or unintended” (Chapin et al., 2009), and particular
attention has been given to actively navigated transformation processes (e.g. Olsson et al., 2004, 2006; Gelcich et al., 2010;
Pelling and Manuel-Navarrete, 2011). Transformation processes have been conceptualised as involving three key steps:
being prepared or actively preparing a system for change; navigating a transition in management and governance regimes
when a suitable window of opportunity opens; and then working to consolidate and build the resilience of the new regime
(Folke et al., 2005; Olsson et al., 2006; Chapin et al., 2009). Some scholars have particular highlighted the role of social
innovation (e.g., Biggs et al., 2010; Westley and Antadze, 2010; Westley et al., 2011, 2013) and ‘strategic agency’ (Westley
et al., 2013) within transformation processes. Although overall, trajectories of transformative change are viewed as emerging
from interplay between top-down institutional conditions and bottom-up (catalytic and disruptive) innovation, leveraged
through the agency of institutional entrepreneurs and networks across multiple levels of organisation (Westley et al., 2011).
3.3. Sustainability pathways
‘Sustainability pathways’ is an approach that is promoted for dealing with complex and dynamic sustainability prob-
lems from both research (Leach et al., 2007a) and governance (Leach et al., 2007b) perspectives. It primarily constitutes an
orientation for understanding and analysing transformations in a way  that is sensitive to the fundamentally political and
intersubjective nature of sustainability problems. It has diverse disciplinary roots, drawing on anthropology, development
studies, economics, political science, and complex systems, though is perhaps most strongly oriented as a critique of tech-Please cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
nocratic and depoliticised development approaches. It merits being viewed as a distinct perspective because it makes a
range of conceptual claims about the nature of sustainability transformations. For example, it emphasises that sustainability
problems involve dynamics, complexity, incertitude, and contested interests (Leach et al., 2010). Therefore, efforts to shape
pathways towards sustainability involve dealing with contested values, multiple narratives of change, and the politics of
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nowledge, and require questioning dominant narratives, empowering marginalised actors (Stirling, 2014; Scoones et al.,
015), and “putting institutions and politics centre stage” (Leach et al., 2007a).
More recently, the sustainability pathways approach has been broadened by incorporating insights from social-ecological
esilience thinking on planetary boundaries (Leach et al., 2012, 2013). The planetary boundaries framework identiﬁes key
lobal biophysical thresholds that cannot be crossed without fundamentally compromising the resilience of planetary life
upport systems (Rockström et al., 2009). It has been argued that social conditions (e.g., equity, justice) are equally important
nd should form another set of boundaries to be met  (Raworth, 2012). New hybrid narratives have been created that frame
ransformations towards sustainability as being about navigating pathways of human development between the ‘foundation’
f social boundaries and the ‘ceiling’ of planetary boundaries (Leach et al., 2012, 2013).
.4. Transformative adaptation
‘Transformative adaptation’ is an emerging perspective arising particularly in response to vulnerability and equity con-
erns linked to climate change (e.g. Pelling, 2011; O’Brien, 2012). This approach has disciplinary roots in human geography,
olitical ecology, and development studies. It pivots on growing attention to the problem of adapting to global change,
rguing that it is insufﬁcient for adaptation to focus only on accommodating change, and must also focus on contesting
hange and creating new alternatives and possibilities (Pelling, 2011). This literature focuses on the interface between local
roblems of vulnerability, and the broader global conditions and dynamics that produce these problems.
In the context of deliberate social transformations under climate change, transformative adaptation seeks to instigate
undamental changes at a structural level of complex socio-technical-ecological systems. The key political argument for a
ransformative approach to adaptation holds that adjusting incrementally to anthropogenic changes in the Earth system
ill remain ineffective unless the systemic aspects of vulnerability and unsustainability are sufﬁciently addressed (Ribot,
011; O’Brien, 2012). Transformative adaptation thus aims to alter fundamental systemic structures and paradigms that
roduce vulnerability in the social sphere (Schulz and Siriwardane, 2015). To initiate social action for change, transformative
daptation accentuates human agency and ‘intrinsic’ forms of motivation, which may  be cognitive, emotional or value-based
O’Brien and Wolf, 2010).
. Reﬂections on the conceptual approaches through the ESG framework
This section reﬂects on the four conceptual approaches to transformation described in Section 3, through the lens of the
SG framework described in Section 2. It ﬁrst disentangles the differing foci of each approach (i.e. how problem domains are
onstructed), and then considers each approach agains the three axes of the adapted ESG framework presented in Fig. 1: the
ertical dimension (the “5 A’s”), the horizontal dimension (cross-cutting themes), and the temporal dimension (trajectories
f change over time). This helps to identify complementary insights among the various approaches, and to appreciate existing
nsights on the governance and politics of transformations.
.1. What is being transformed?
Firstly, the four conceptual approaches take differing perspectives on the problem domain at hand (i.e., what is being
transformed’). Transitions approaches often take a sectoral perspective (e.g. energy, waste, water, food systems), and focus
n transformation in human-technological interactions for achieving sustainable patterns of production and consumption.
here is also emerging attention to the ‘geography of transitions’ (spatial location, scale) (Coenen et al., 2012; Hansen and
oenen, 2014). Social-ecological transformation approaches take a place-based perspective of linked human and ecological
ystems, and focus on transformation in human-ecosystem interactions for resilient natural resource use and management.
ustainability pathways approaches take a contextually-grounded sustainable development perspective, and focus on trans-
ormation in human development for sustainable and just pathways of change. Transformative adaptation approaches take a
ystemic and structural perspective on human vulnerability and focus on power assymetries within transformative processes
n order to create opportunities and new possibilities for vulnerable groups and societies’ futures.
.2. The ﬁve A’s: architecture, agency, adaptiveness, allocation and access, and accountability
In terms of architecture, all approaches emphasise the multi-level nature of the structural contexts within which transfor-
ations play out (e.g. geographically, institutionally, temporally), and highlight that transformation towards sustainability
nvolves changes playing out across multiple levels. Although, how they conceptualise “levels” varies. Transitions approaches
under a multi-level perspective) view levels as levels of time scale and of structuration, rather than hierarchical levels (Geels
nd Schot, 2007; Schot and Geels, 2008). Social-ecological transformations approaches place central importance on multi-
calar dynamics, and the interplay of innovation at local scales with changes in institutional conditions at broader levelsPlease cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
Westley et al., 2011). Sustainability pathways approaches focus on institutional structures in terms of their effect in enabling
r constraining the ability of poorer and marginalized people to participate in political decision-making about their future
Leach et al., 2007b). Transformative adaptation approaches focus more conceptually on the idea of transforming social and
olitical structures and relations in society (O’Brien and Selboe, 2015).
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All approaches strongly emphasise the role of agency in processes of transformation. Transitions approaches emphasise
the importance of entrepreneurs and leaders (e.g. ‘front runners’) in innovation processes (Loorbach, 2009), and the role of
a transition team in steering collective efforts (Grin et al., 2010). Social-ecological transformations approaches emphasise
social and institutional entrepreneurship in fostering social innovation (Westley et al., 2011, 2013), and leadership for
actively navigating transformation processes (Olsson et al., 2006). Sustainability pathways approaches highlight the need
to recognise and enable poorer and marginalised people to exert their agency in political decision-making (Leach et al.,
2007b). Transformative adaptation approaches argue for “deliberate transformations” that are “not about social engineering
or ‘designing’ the future, but rather about recognizing that some fundamental shifts are necessary to enable desirable futures
to emerge” (O’Brien, 2012).
All approaches place central conceptual signiﬁcance on adaptiveness, including learning and reﬂexivity (whether implied
or explicit), within unfolding transformation contexts. Transitions approaches (especially transitions management) empha-
sise the complex systems nature of transitions, and the importance of learning and reﬂexivity in transitions governance
(Foxon et al., 2009; Loorbach, 2009; Grin et al., 2010). Social-ecological transformations are built on theory that is centrally
focused on change and adaptiveness in complex and dynamic systems (Walker et al., 2004; Folke et al., 2005; Armitage and
Plummer, 2010). Sustainability pathways approaches place importance on adaptive and reﬂexive governance for dealing
with uncertainty, contested knowledge, and power differences (Leach et al., 2007b; Scoones et al., 2015). Transformative
adaptation approaches fundamentally emerged in response to the challenge of adaptiveness, but as a critique of conventional
depoliticized meanings of adapting to climate change, prompting a pivot towards transformation (Pelling, 2011; O’Brien,
2012).
Allocation and access,  which relates to considerations of power-distribution, equity, and justice, is a theme that is less con-
sistently addressed. Transitions approaches and social-ecological systems approaches have been critiqued by some scholars
for a lack of attention to issues of power and politics (e.g. Smith and Stirling, 2010; Fabinyi et al., 2014), although there is
signiﬁcant growing attention to these topics (see Section 4.3). On the whole however, there appears to be little attention so
far to questions relating to allocation and access (e.g. equity, justice). On the other hand, sustainability pathways approaches
place central focus on these kinds of concerns through critically reﬂecting on how transformations towards sustainabil-
ity perform in terms of poverty reduction and social justice outcomes (Leach et al., 2007a, 2013). Similarly, transformative
adaptation approaches are strongly motivated by concerns about allocation and access of vulnerable or marginalized groups,
and the need to contest existing power structures producing inequitable outcomes (O’Brien and Selboe, 2015; Schulz and
Siriwardane, 2015).
Lastly, accountability is an area where all the conceptual approaches surveyed appear to be weak. Accountability entails
both answerability and enforceability meaning that actors answer for their actions and the means to enforce commitments
when these are not reached (Newell, 2008). Issues such as who  ought to have the responsibility for transformations towards
sustainability, and what are the mechanisms for holding someone accountable if it fails, are important. There is thus a
relational element to accountability between accountability holders and accountability takers, which becomes challenging
in multi-level perspectives where democratically elected government is not perceived as the ultimate actors. For example,
transitions approaches have been critiqued for implying that “transition managers appear as a vanguard sitting apart from
governance actors . . . but nonetheless seeking to intervene and transform” (Smith and Stirling, 2010). More generally, it
is crucial to consider the relationship between accountability and democratic decision-making within purposeful efforts
to foster transformations (Hendriks and Grin, 2007; Smith and Stirling, 2010). Sustainability pathways approaches are
strongest in this regard in emphasizing democratic concerns (Stirling, 2014). On the other hand, questions are also raised
about accountabilities for change over the long timeframes over which transformations are likely to unfold.
4.3. Power, knowledge, norms, scale
These four cross-cutting themes of the ESG framework are strongly interconnected and difﬁcult to separate on a theme-
by-theme basis. Hence the four conceptual approaches are discussed more comparatively in this section, particularly where
similarities are observed between the transitions approaches and social-ecological transformations approaches on the one
hand, and the sustainability pathways and transformative adaptation approaches on the other.
Transitions approaches and social-ecological systems approaches have been critiqued for a tendency to under-appreciate
dilemmas associated with power differences and contested norms and values among actors (Smith and Stirling, 2010;
Fabinyi et al., 2014). For example, fundamental questions such as who makes decisions, what is considered a desirable
future, and (even if we  assume consensus) how do we  get there, are not often directly addressed. Nevertheless, the topic
of power has been receiving increasing attention in the transitions literature in recent years. For example, Avelino (2009)
and Avelino and Wittmayer (2015) relate power and empowerment to core notions of transitions studies, such as the multi
level perspective, by theorising categories of power in the speciﬁc context of transitions studies, and exploring tensions
between aspirations for empowerment contrasted against the challenge of overcoming constraints on empowerment (suchPlease cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
as short-term timeframes, and familiarity with extrinsic rather than intrinsic incentives for action). Hoffman (2013) relates
power to the multi level perspective through drawing on Grin (2010) and others who  identify different types of power
at different transition levels, exploring how ideas about agency, creativity, and social ﬁelds help to understand interplay
between power and structural change. Wittmayer et al. (2014) investigate action research as a way  of empowering citizens
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ho feel powerless, and Wittmayer and Schäpke (2014) explore how researchers engaged in action research within transition
ontexts can deal with power both internal and external to group processes.
More broadly, Meadowcroft (2011) calls for attention to the political dimensions of societal transitions, “because politics
lays a potentially powerful role” in ways such as “deﬁning the landscape, propping up or destabilizing regimes, [and]
rotecting or exposing niches”. From a broad sustainability perspective, Stirling (2014) argues that viable transformations
re more likely to arise from contexts of plural knowledges and values, rather than a singular vision. In the social-ecological
ystems literature, Cote and Nightingale (2012) state that the application of ecological principles within the social realm
as reduced opportunities to ask important normative questions concerning the role of power and culture. In reﬂecting
omparatively on both of transitions and social-ecological approaches, Olsson et al. (2014) suggest that key areas requiring
ttention are: power relations and interests that reinforce existing system conﬁgurations, political power across scales,
gency of actors initiating transformations, and participation and deliberation within transformation processes.
The relative emphasis on knowledge varies between transitions approaches and social-ecological transformations
pproaches. The social-ecological systems literature has strongly emphasized the importance of multiple kinds of knowledge,
articularly the importance of bringing together local knowledge with scientiﬁc knowledge (Berkes et al., 2003; Chapin et al.,
009). Transitions approaches have been less explicit in regards to the roles of different kinds of knowledge, although the
mportance of non-technical alongside scientiﬁc knowledge is implied by the emphasis on niches practices and innovations.
Sustainability pathways and transformative adaptation approaches particularly emphasise power, knowledge, and norms,
nd contestations related to these issues. For example, sustainability pathways approaches focus on knowledge politics,
ontested norms and values, and differing assumptions about how change happens (Leach et al., 2007a; Scoones et al., 2015).
hey also highlight contested and plural framings regarding transformation, for example, Scoones et al. (2015) identify
ultiple narratives reﬂecting technocratic, marketised, state-led, and citizen-led perspectives. They argue that no single
ormative version of the future will be complete or universally desirable, and we therefore need to cultivate a plurality
f possible pathways with multiple sets of norms and values (Stirling, 2014). Transformative adaptation approaches take
s a starting point that power relations condition the options available to marginal and vulnerable groups to shape their
wn desirable futures, thus requiring keen attention to issues of social difference, power, and knowledge. They particularly
ighlight the role of norms in setting the cognitive bounds of understanding ‘what is possible’ in terms of transformation,
nd highlight the importance of contesting change to create alternative possibilities and new social and political relations
nd distributions of power (Pelling, 2011; O’Brien, 2012; O’Brien and Selboe, 2015).
All approaches recognize issues of scale, but transitions approaches and social-ecological transformations approaches
articuarly emphasise the multi-scalar nature of transformative change as a central concept. Transitions approaches have a
ulti-level conception of societal organization (niche/micro, regime/meso, landscape/macro) as a core tenet (Rotmans et al.,
001; Geels, 2002). Social-ecological transformations approaches view cross-scale dynamics as a fundamental attribute of
ocial-ecological systems, and emphasise the interrelationship between resilience and transformation at different scales
Walker et al., 2004; Folke et al., 2005). Sustainability pathways approaches also give strong regard to scale through a
olitical lens in emphasizing that actors at different scales perceive and experience change differently, and the enabling or
onstraining effect of societal structures at different scales on the ability of poorer and marginalized people to participate
n political decision-making (Leach et al., 2007b). Transformative adaptation approaches are likely to be open to accounting
or issues of scale in transforming social and political relations, although this theme is not necessarily emphasised so far.
.4. Trajectories of change over time
All the approaches are interested in understanding deliberate or desirable transformations in society, although how they
onceptualise trajectories of change over time (or do not), especially looking forward into the future, varies signiﬁcantly.
Transitions approaches and social-ecological transformations approaches have been perhaps the ‘boldest’ in hypothesis-
ng trajectories of change. Socio-technical transitions, under a multi-level perspective, has proposed a typology of transition
athways (Geels and Schot, 2007). Strategic niche management “suggests that sustainable innovation journeys can be facili-
ated by creating technological niches . . . as building blocks for broader societal changes towards sustainable development”,
ut is now situated within a broader multi-level perspective that emphasizes interplay between niches and broader level
ynamics (Schot and Geels, 2008). Transitions management focuses on using niche experimentation and visioning within
transition arenas’ (involving both niche and regime actors) to trigger emergent changes in the broader regime, based on a
omplex adaptive systems perspective (Loorbach, 2009). Together, these multiple views indicate that resulting patterns of
hange are shaped by transition context (whether transitions are purposefully steered or unintended, and whether resources
o innovate are within or external to the system in question), as well as speciﬁc efforts towards transitions management (de
aan and Rotmans, 2011).
From a social-ecological transformations perspective, it has been proposed that actively navigated transformations
nvolve several phases: triggers, preparation for change, navigating a transition, and institutionalizing the new trajectoryPlease cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
Olsson et al., 2006; Moore et al., 2014). Another view from a broader scale is that transformations emerge from interplay
etween top-down institutional conditions and bottom-up (catalytic, disruptive) innovation (Westley et al., 2011). Hence
ransitions approaches and social-ecological transformations approaches take a largely conceptual orientation towards the
uestion of how trajectories of change unfold over time.
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Sustainability pathways and transformative adaptation approaches are less focused on conceptualizing mechanisms and
trajectories of change per se, and more focused on applying a critical perspective to ideas of transformations. Sustainability
pathways approach emphasise the need to ‘cultivate plural pathways’ (Stirling, 2014) because no single actor has a monopoly
on visions of the future that are appropriate for everyone, sustainable, just, and complete (Scoones et al., 2015). Hence tra-
jectories of change are viewed as emerging from political and discursive struggles that play out in complex, dynamic, and
contested situations in ways that are highly contextual (Stirling, 2014). However, at the same time, sustainability pathways
approaches have begun conceptualizing pathways of change as being about navigating trajectories of development between
a ‘ceiling’ of acceptable ecological limits and a ‘foundation’ of acceptable social limits (Leach et al., 2012, 2013). Transfor-
mative adaptation approaches focus on contesting change, and transforming social and political relations and paradigms to
open up new possibilities for the future (Schulz and Siriwardane, 2015). A pluralist approach to social change and experimen-
tation is taken, as trajectories of change are largely left open. Hence sustainability pathways and transformation adaptation
approaches take a plural and emancipatory orientation towards the question of how trajectories of change unfold over time.
5. Research challenges and opportunities
This section discusses research challenges and opportunities for understanding and analysing transformations, building
on the previous discussion of conceptual approaches in Sections 3 and 4. These issues are placed within the context of the
broader notion of transformations towards sustainability. Key issues discussed are: dealing with the deeply political nature
of transformations, the challenges of thinking about transformation ex-ante, and tensions between steering transformations
and their open-ended and emergent nature.
5.1. The deeply political nature of transformations
Transformations towards sustainability are deeply political (e.g. Leach et al., 2007b; Meadowcroft, 2011; WBGU,  2011;
Scoones et al., 2015). The fundamental importance of governance and politics in regard to societal transformations should be
clear because transformations are likely to have redistributional impacts, resulting in (actual or perceived) winners and losers
(Meadowcroft, 2011; van den Bergh et al., 2011), normative sustainability goals invoke political stances and demands (Schulz
and Siriwardane, 2015), and actors who promote transformations do so from particular political perspectives, carrying with
them a set of worldviews and values that inﬂuence their vision of what constitutes a desirable future (Hulme, 2009; Stirling,
2011, 2014). Concerns relating to whose knowledge counts, what changes are necessary and desirable, and even what
constitutes the end goal of transformation are all intensely political processes.
The four conceptual approaches provide a rich range of insights on the governance and politics of transformations. There
are also major untapped opportunities for cross-fertilising insights among the approaches. For example, the orientation
towards conceptualising transformative change processes offered by the transitions approaches and social-ecological trans-
formations approaches, could be enriched by learning from the political and emancipatory orientation of the sustainability
pathways and transformative adaptation approaches, and vice versa. However, a weakness revealed by the analysis using
the ESG framework is that issues of access and allocation need to be more explicitly addressed (e.g. equity, fairness, justice).
A further critical gap is that accountability does not seem to be given sufﬁcient attention in the approaches analysed.
More generally, deeply political challenges that confront transformations towards sustainability include: time pressure
on incremental policy change and the inadequacy of short-termism in policy-making; dealing with powerful opposing
interests and forces linked to existing path-dependencies; institutional fragmentation and poor coordination; and deﬁcits
in representation (e.g., voices not heard, including future generations) (WBGU, 2011). In this context, the German Advisory
Council for Global Change (WBGU, 2011) emphasise the need for a ‘new social contract’ for sustainability and a ‘proactive
state’ that “actively sets priorities for the transformation, at the same time increasing the number of ways in which its citizens
can participate” (WBGU, 2011). However, this also raises questions about power, norms, and accountability. For example,
how new norms may  arise and become embedded among societal actors, and whether there are tensions between a singular
overarching transformation agenda as opposed to a more pluralist perspective of transformation ‘pathways’ in different
cultural contexts (Stirling, 2014). Questions also arise regarding sources of agency (e.g., whether from state or non-state
actors) and its role in multi-scale transformations (Folke et al., 2005; Olsson et al., 2006; Westley et al., 2011).
5.2. The challenges of thinking about transformations ex-ante
Thinking about transformations towards sustainability raises the major challenge of understanding and analysing change
in a largely ex-ante (forward looking) sense. It is commonly suggested that historical transformations can help to understand
future transformations towards sustainability (e.g., WBGU, 2011; Future Earth, 2014a,b). However, this may  be insufﬁ-
cient given the unprecedented challenges of transformations towards sustainability (Scoones et al., 2015). Transformations
towards sustainability are likely to be very difﬁcult to understand looking forward because there may  be “no obvious turn-Please cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
ing or tipping points . . . for clearly indicating the before and after of a transformation” (WBGU, 2011). Similar points are
also made in relation to uncertainties regarding thresholds governing transformations within resilience literature, and it is
difﬁcult to know the distance to a threshold until it has happened (Rockström et al., 2009). Furthermore, fostering trans-
formations may  require changes in the criteria used to judge the appropriateness and performance of systems in society
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hat are the object of transformation (Kemp and van Lente, 2011). As van den Bergh et al. (2011) state, “in order to support
ong-term structural shifts, policies may  have to interact with many transformative changes as they unfold rather than being
eﬁned and ﬁxed at some initial date”. Such issues raise important questions about the short-term and long-term dynamics
f transformations. For example, what do the early stages of transformations look like (e.g., timescale of years), and what
ypes of dynamics are involved over the longer-term (e.g., timescale of decades)?
Transitions approaches in particular have been one of the main pioneers of ex-ante concepts and methods for under-
tanding large-scale systemic change towards sustainability. This has included extensive and ongoing work to theorise,
tudy, and experiment with change processes in society. It also includes the development of many concepts and heuris-
ics that are inﬂuential in thinking about ex-ante processes of change, such as the multi-level perspective and transition
athways (Geels, 2002; Geels and Schot 2007), and key contributions to broader topics such as complex adaptive systems
Loorbach, 2009; de Haan and Rotmans, 2011), scenarios (Hofman and Elzen, 2010), and reﬂexive governance (Grin et al.,
004; Voß et al., 2006). For example, Schot and Geels (2008) emphasise that understanding future ‘innovation journeys’
eeds to recognise multi-level relationships between niche innovation (the role of which is to “allow nurturing and exper-
mentation with the co-evolution of technology, user practices, and regulatory structures” (Schot and Geels, 2008, p.538))
nd broader external processes at ‘regime’ and ‘landscape’ levels (e.g. the authors point towards the importance of political
conomic processes such as global commodity prices and effects of trade liberalization (Schot and Geels, 2008, p.544)).
ofman and Elzen (2010) developed a method of socio-technical scenarios which particularly highlights social dimensions
f change processes, such as the inherent need for re-organization of actors and rules related to technological changes to
acilitate transformational change. In other words, the “co-evolution of technology and its societal embedding” (Hofman and
lzen, 2010, p.656), focusing not only on outcomes but also on transitions paths (Hofman and Elzen, 2010, p.668). de Haan
nd Rotmans (2011) emphasise the complex adaptive systems nature of transition processes, and argue that understanding
ransition paths needs to focus on understanding complex chains of converging factors that play out dynamically over time.
Interest in ex-ante analysis and exploration of scenarios of transformation pathways is also increasing elsewhere (e.g.,
mith et al., 2005; Bernstein and Cashore, 2012; Fischer-Kowalski et al., 2012; Sachs et al., 2014), including through the use
f foresight approaches. An example is the “Roads from Rio +20” study conducted by the Dutch Environmental Assessment
gency (PBL, 2012) that sought to quantify the feasibility of multiple transformative pathways toward achieving the Sus-
ainable Development Goals. Building on this initiative, the “World in 2050” initiative, led by the Sustainable Development
olutions Network, the Earth Institute, the International Institute for Applied Systems Analysis and the Stockholm Resilience
entre is seeking to develop quantiﬁed pathways toward a common vision based on the SDGs with leading global researchers
nd support from global development organizations. A bottom-up approach is taken by the Future Earth “Bright Spots—Seeds
f a Good Anthropocene” project which aims to identify a wide range of practices that could be combined to contribute to
arge-scale transformative change. Such foresight initiatives have to deal questions of legitimacy and representativeness,
redibility and salience to societal actors across different scales in order to be useful (Cash et al., 2003).
These concepts and experiences can provide many ideas for ESG scholars in framing and conceptualizing transformations
n an ex-ante sense. However, we also argue that it is crucial to give strong regard to questions of politics and governance
n thinking about sustainability transformations ex-ante. The diversity of actors, values, sense-making frames, scales and
riorities involved suggests that inclusive, pluralistic and dynamic, iterative and dialogue-based approaches may  be worth
spiring to; yet approaches such as foresight run the risk of being too scattered and lacking the power of strong organizing
deas and metaphors (Newell, 2012). They are also likely to be deeply challenged by issues of politics (e.g. ambiguity, contested
nterests), power (e.g. vested interests, obscure locations of power), and exogenous forces that constrain opportunities
or change (e.g. broader political economic systems, dominant discourses such as neoliberalism). There may  be trade-offs
etween the strengths and drawbacks of more centralized versus more pluralistic approaches to foresight related to the
overnance of transformations as they are taken forward, in terms of their ability to understand as well as help facilitate
ransformative change. ESG scholars are particularly well placed to bring to bear knowledge on governance and politics to
ontribute to addressing these topics and thus contribute to enriching understanding sustainability transformations in a
orward-looking sense.
.3. Tensions between steering change and its open-ended and emergent nature
Tensions are evident in the ways scholars talk about the potential for shaping transformations, versus the open-ended,
mergent, and to a large degree unpredictable nature of transformations. On the one hand, governance of and for trans-
ormations (such as via the UN Sustainable Development Goals) may  be important for driving deep societal change. Earth
ystem governance in the Anthropocene is understood to require a rethinking of existing global institutions to better equip
hem for contemporary challenges and for driving deep societal change (Biermann, 2014). At the same time, it is also impor-
ant that a focus on global-level approaches does not lead to a ‘cockpit’ view where it is assumed that “top-down steering
y governments and intergovernmental organizations alone can address global problems” (Hajer et al., 2015). Both top-Please cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
own steering and bottom-up self-organisation are likely to be needed, because transformations will emerge from complex
nd co-evolutionary interactions across multiple sectors of human society and scales over time, which often may  not be
ossible to predict. It seems vital to consider how both top-down steering (e.g. the role of a ‘strong state’) and bottom-up
elf-organisation, contribute to transformations (following Smith et al., 2005; Westley et al., 2011).
G Model ARTICLE IN PRESSEIST-222; No. of Pages 16
12 J. Patterson et al. / Environmental Innovation and Societal Transitions xxx (2016) xxx–xxx
It is also important to critically reﬂect on the relationship between incremental change and longer-term transformation. Is
it possible to pursue incremental change with a transformative agenda through situating incremental efforts (such as policy
change) within a broader transformations narrative (Section 2.2)? Can incremental reforms with a general commitment to
sustainability actually lead to systemic transformations (Pelling, 2011)? Scoones et al. (2015, p.21) argue that “rather than
there being one big green transformation, it is more likely that there will be multiple transformations that will intersect,
overlap and conﬂict in unpredictable ways”. This highlights the need to consider change in multiple interconnected areas (e.g.,
social, institutional, political, ecological, technological, cultural) in contextually relevant ways that appreciate the potential
for co-evolutionary and non-linear outcomes.
This would require signiﬁcant capacity for long-term thinking (Voß et al., 2009) and reﬂexivity in governance (Hendriks
and Grin, 2007; Grin et al., 2010; Voß and Bornemann, 2011) to identify early signals of change (or lack of change) and to
adapt collective efforts over time. For example, Grin et al. (2004) explore the challenge of creating institutional arrangements
to allow ‘reﬂexive policy design, which involves “reciprocal, argumentative exchange” (Grin et al., 2004, p.128) among actors
involved and affected by a problem, with a focus on reaching legitimate and effective “congruencey” around a course of action
(c.f. consensus). Signiﬁcantly however, they ﬁnd that “creating an appropriate institutional arrangement is a necessary but
not sufﬁcient condition” and of critical importance is “the art of dealing with those circumstances that cannot be adequately
pre-empted by such rules” (Grin et al., 2004, p.140). Another possibility is to try to create positive feedback mechanisms that
allow policy changes to ‘stick’ over the long-term (Jordan and Matt, 2014). Additionally, based on the gap identiﬁed in Section
4.2 regarding accountability, it would be critical to consider how purposeful efforts to foster transformations give regard
to accountability (or perhaps create new accountabilities?) within institutional and political systems. New accountability
mechanisms may  be needed to ensure that actors who ‘should’ be responsible, actually are, both in the short term and
longer-term, although how to achieve this is an open question.
6. Conclusions
The emerging notion of ‘transformations towards sustainability’ offers a promising new narrative for focusing research
and policy attention on bringing about deep change in human society for environmental sustainability and human wellbeing.
While the importance of governance and politics is recognised within various conceptual approaches to transformations,
particularly the literature cited in this paper, overall it is underdeveloped and needs greater attention. In order for the notion
of transformations to move beyond metaphor (Feola, 2014) and be meaningful for shaping action, it is vital to engage with
the governance and politics of transformations. Fortunately, rich bodies of literature exist that conceptualise transformations
in a range of ways. There is also major opportunity to strengthen these approaches by cross-fertilising insights among them,
and drawing on other salient bodies of literature that have until now largely remained untapped, such as on allocation and
access (e.g. equity, fairness, justice), and accountability.
A plurality of conceptual approaches is useful for giving differing and complementary insights on understanding and
analysing transformations, which is beneﬁcial for exposing blind spots of different approaches (Feola, 2014). Approaches
need to be bold in proposing ways of understanding transformations, but also critical and reﬂexive, and particularly attentive
to the challenges of real-world situations. It is not necessary or desirable to aspire to a single conceptual approach to
transformations, and continued experimentation from multiple angles will be crucial to ongoing theory development. In
this light, the ESG framework is useful as a meta-framework for highlighting discursive-normative, governance and political
aspects of transformations. It is a high-level framework for thinking about governance, and does not give speciﬁc guidance on
processes of transformation, but is ﬂexible enough to accommodate different conceptual approaches that might be applied by
different scholars. It therefore does not in any way  usurp speciﬁc traditions of thought on transitions and transformations, but
is useful as a heuristic for guiding a research inquiry into different dimensions/topics of governance that may  be important in
any particular situation. It can help reveal aspects of governance and politics that are likely to be important to consider, and
support structured reﬂection and cross-case analysis (even when differing conceptual approaches to transformations are
applied) which could inform theory-building over time. This will be especially useful as the emerging ﬁeld of transformations
continues to ﬂourish and develop in diverse directions into the future.
An important area for future research regarding the ESG framework itself (with the added temporal dimension in Fig. 1)
is to relate to existing work on temporal aspects of sustainability transformations. For example, strong opportunities exist
in relation to the multi-level perspective (e.g. Schot and Geels, 2008), and in regards to reﬂexive governance for long-term
problems (e.g. Voß et al., 2009; Lissandrello and Grin, 2011). For now, the temporal dimension applied in Fig. 1 has been
used in a more heuristic fashion in order to explore the applicability of the framework for governance and politics questions
relating to sustainability transformations. However, it is acknowledged that this is an aspect requiring further work.
Overall, a variety of questions are opened up which governance scholars (such as those working with the ESG framework),
as well as those within particular research communities on sustainability transformations, should be concerned with. For
example, questions regarding the processes of transformation include:Please cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
• What are the short-term and long-term dynamics of transformations, and how can we observe when (or when not)
transformations are occurring?
• How can transformative change and its feasibility be understood and analysed in an ex-ante sense?
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What are the sources of agency and roles for both state and non-state actors in enabling and supporting transformations?
What drives transformations towards sustainability over long timeframes, and how do these drivers arise?
Questions regarding institutions and governance systems include:
What types of institutions and governance arrangements are needed to enable and shape transformations towards sus-
tainability across multiple scales?
What kinds of innovation in institutions and governance arrangements are needed in different problem domains, and how
might this innovation arise and diffuse?
How might ‘battles of institutional change’ (Chhotray and Stoker, 2009) play out, particularly when change is disruptive
and met  with strong resistance?
How can policy and decision-making that is anticipatory and long-term be encouraged over short-termism?
Questions regarding cultural-cognitive dynamics include:
How might new norms, ethics and values needed to underpin transformations towards sustainability arise?
How could a ‘new social contract’ for sustainability (WBGU, 2011) be created?
What are the beneﬁts and drawbacks between a single transformations agenda versus more pluralistic approaches, and
how are different perspectives heard and negotiated in the context of contested knowledge?
Finally, questions regarding embeddedness within broader political systems include:
How can accountability mechanisms be developed to ensure that actors who ‘should’ be responsible, actually are, both in
the short term and longer-term?
By which mechanisms can power inequalities be productively addressed to allow actors who are poorly represented to
meaningfully participate in shaping transformation processes?
How can powerful opposing interests and forces linked to existing path-dependencies be addressed?
More broadly, “how do global and regional political economies inﬂuence transformations to sustainability in different
domains?” (Future Earth, 2014b).
These are pressing questions for future research which require insights from multiple scholarly communities, with a
articular focus on governance and politics. We  believe that there are incredibly fruitful overlaps and complementarities
aiting to be found through cross-fertilising ideas and insights from various scholarly communities, and have sought to
ontribute to bringing together diverse perspectives to strengthen the foundation for doing so.
cknowledgements
This paper arose from initial discussions in a workshop for early career researchers held at the 2014 Earth System
overnance conference in Norwich, UK. We  acknowledge the 37 early career researcher participants and particularly thank
ve senior scholars who assisted with facilitating discussions in this workshop: Associate Professor Matthew Hoffman,
niversity of Toronto, Canada; Professor Andy Jordan, University of East Anglia, UK; Professor Leslie King, Royal Roads
niversity, Canada; Professor Oran Young, University of California, Santa Barbara, United States; and Associate Professor
nne Jerneck, Lund University, Sweden. We  acknowledge and thank the conference organisers for supporting this workshop.
e also thank three anonymous reviewers for their insightful comments that greatly improved this manuscript. Of course,
esponsibility for any errors lies entirely with the authors.
eferences
rcher, M.,  2000. Being Human: The Problem of Agency. Cambridge University Press, Cambridge, UK.
rmitage, D., Plummer, R., 2010. Chapter 14: Adapting and Transforming: Governance for Navigating Change, in: Armitage, D., Plummer, R. (Eds.)
Adaptive Capacity and Environmental Governance. Berlin, Germany, 287–302.
velino, F., Wittmayer, J.M., 2015. Shifting power relations in sustainability transitions: a multi-actor perspective. J. Environ. Policy Plann.,
http://dx.doi.org/10.1080/1523908x.2015.1112259.
velino, F., 2009. Empowerment and the challenge of applying transition management to ongoing projects. Policy Sci. 42, 369–390,
http://dx.doi.org/10.1007/s11077-009-9102-6.
ai, X., van der Leeuw, S., O’Brien, K., Berkhout, F., Biermann, F.S., Brondizio, E., Cudennec, C., Dearing, J., Duraiappah, A., Glaser, M.,  Revkin, A., Steffen, W.,
Syvitski,  J., 2015. Plausible and desirable futures in the Anthropocene: a new research agenda. Global Environ. Change, XX:X-X.
aumgartner, F.R., Jones, B.D., 1993. Agendas and Instability in American Politics. University of Chicago Press, Chicago, USA.
erkes, F., Colding, J., Folke, C., 2003. Navigating Social-Ecological Systems: Building Resilience for Complexity and Change. Cambridge University Press,
Cambridge, UK.Please cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
ernstein, S., 2002. Liberal environmentalism and global environmental governance. Global Environ. Politics 2 (3), 1–16.
ernstein, S., Cashore, B., 2012. Complex global governance and domestic policies: four pathways of inﬂuence. Int. Aff. 88 (3), 585–604.
iermann, F., Betsill, M.M., Gupta, J., Kanie, N., Lebel, L., Liverman, D., Schroeder, H., Siebenhüner, B., Conca, K., da Costa Ferreira, L., Desai, B., Tay, S.,
Zondervan, R., 2009. Earth System Governance: People, Places and the Planet. Science and Implementation Plan of the Earth System Governance
Project. Earth System Governance Report 1, IHDP Report 20. IHDP, The Earth System Governance Project, Bonn.
G Model ARTICLE IN PRESSEIST-222; No. of Pages 16
14 J. Patterson et al. / Environmental Innovation and Societal Transitions xxx (2016) xxx–xxx
Biermann, F., Betsill, M.M.,  Gupta, J., Kanie, N., Lebel, L., Liverman, D., Schroeder, H., Siebenhüner, B., Zondervan, R., 2010. Earth system governance: a
research framework. Int. Environ. Agreem. 10, 277–298.
Biermann, F., Abbott, K., Andresen, S., Bäckstrand, K., Bernstein, S., Betsill, M.M., Bulkeley, H., Cashore, B., Clapp, J., Folke, C., Gupta, A., Gupta, J., Haas, P.M.,
Jordan,  A., Kanie, N., Kluvánková-Oravská, T., Lebel, L., Liverman, D., Meadowcroft, J., Mitchell, R.B., Newell, P., Oberthür, S., Olsson, L., Pattberg, P.,
Sánchez-Rodríguez, R., Schroeder, H., Underdal, A., Camargo Vieira, S., Vogel, C., Young, O.R., Brock, A., Zondervan, R., 2012. Transforming governance
and  institutions for global sustainability: key insights from the Earth System Governance Project. Curr. Opin. Environ. Sustain. 4, 51–60.
Biermann, F., 2014. Earth System Governance: World Politics in the Anthropocene. The MIT  Press, Cambridge, Massachusetts.
Biggs, R., Westley, F.R., Carpenter, S.R., 2010. Navigating the back loop: fostering social innovation and transformation in ecosystem management. Ecol.
Soc.  15 (2), 9.
Cash, D.W., Clark, W.C., Alcock, F., Dickson, N.M., Eckley, N., Guston, D.H., Jäger, J., Mitchell, R.B., 2003. Knowledge systems for sustainable development.
Proc.  Natl. Acad. Sci. 100 (14), 8086–8091.
Chapin III, F.S., Carpenter, S.R., Koﬁnas, G.P., Folke, C., Abel, N., Clark, W.C., Olsson, P., Stafford Smith, D.M., Walker, B., Young, O.R., Berkes, F., Biggs, R.,
Grove, J.M., Naylor, R.L., Pinkerton, E., Steffen, W.,  Swanson, F.J., 2009. Ecosystem stewardship: sustainability strategies for a rapidly changing planet.
Trends Ecol. Evol. 25 (4), 241–249.
Chhotray, V., Stoker, G., 2009. Governance Theory and Practice: A Cross-Disciplinary Approach. Palgrave Macmillan, Basingstoke, UK.
Coenen, L., Benneworth, P., Truffer, B., 2012. Toward a spatial perspective on sustainability transitions. Res. Policy 41, 968–979.
Cote, M.,  Nightingale, A.J., 2012. Resilience thinking meets social theory: situating social change in Socio-Ecological Systems (SES) research. Prog. Hum.
Geogr. 36, 475–489.
Cundill, G., Fabricius, C., 2010. Monitoring the governance dimension of natural resource Co management. Ecol. Soc. 15 (1), 15.
de Haan, J., Rotmans, J., 2011. Patterns in transitions: understanding complex chains of change. Technol. Forecast. Soc. Change 78, 90–102.
Duit, A., Galaz, V., Eckerberg, K., Ebbesson, J., 2010. Governance, complexity, and resilience. Global Environ. Change 20 (3), 363–368.
Eguavoen, I., Schulz, K., de Wit, S., Weisser, F., Müller-Mahn, D., 2015. Political dimensions of climate change adaptation. Conceptual reﬂections and
African  examples. In: Leal Filho, W.  (Ed.), Springer Handbook of Climate Change Adaptation. Springer, Berlin and Heidelberg, pp. 1183–1199.
Fabinyi, M.,  Evans, L., Foale, S.J., 2014. Social-ecological systems, social diversity, and power: insights from anthropology and political ecology. Ecol. Soc.
19  (4), 28, http://dx.doi.org/10.5751/ES-07029-190428 [online] URL:.
Feola, G., 2014. Societal transformation in response to global environmental change: a review of emerging concepts. Ambio 44 (5), 376–390.
Ferguson, B.C., Brown, R.R., Deletic, A., 2013. Diagnosing transformative change in urban water systems: theories and frameworks. Global Environ. Change
23  (1), 264–280.
Fischer-Kowalski, M.,  Haas, W.,  Wiedenhofer, D., Weisz, U., Pallua, I., Possanner, N., Behrens, A., Serio, G., Alessi, M.,  Weis, E., 2012. Socio-ecological
transitions: deﬁnition, dynamics and related global scenarios. State of the art report no. 6/D1.1 and Working paper/D1.2. (April 2012). NEUJOBS. URL:
http://www.neujobs.eu/.
Folke, C., Hahn, T., Olsson, P., Norberg, J., 2005. Adaptive governance of social-ecological systems. Annu. Rev. Environ. Resour. 30 (1), 441–473.
Folke, C., Carpenter, S.R., Walker, B., Scheffer, M.,  Chapin, T., Rockström, J., 2010. Resilience thinking: integrating resilience, adaptability and
transformability. Ecol. Soc. 15 (4), 20 [online] URL: http://www.ecologyandsociety.org/vol15/iss4/art20/.
Foxon, T.J., Reed, M.S., Stringer, L.C., 2009. Governing long-term social-ecological change: what can the adaptive management and transition management
approaches learn from each other? Environ. Policy Gov. 19, 3–20.
Future Earth, 2014a. Future Earth Initial Design. Prepared By: Future Earth Transition Team, URL:
http://www.icsu.org/news-centre/future-earth/media-centre/relevant publications/future-earth-initial-design-report.
Future  Earth, 2014b. Strategic Research Agenda 2014: Priorities for a Global Sustainability Research Strategy. International Council for Science (ICSU),
Paris.
Geels, F., Schot, J., 2007. Typology of sociotechnical transition pathways. Res. Policy 36, 399–417.
Geels, F.W., 2002. Technological transitions as evolutionary reconﬁguration processes: a multi-level perspective and a case-study. Res. Policy 31,
1257–1274.
Gelcich, S., Hughes, T.P., Olsson, P., Folke, C., Defeo, O., Fernández, M.,  Foale, S., Gunderson, L.H., Rodríguez-Sickert, C., Scheffer, M.,  Steneck, R.S., Castilla,
J.C.,  2010. Navigating transformations in governance of Chilean marine coastal resources. Proc. Natl. Acad. Sci. U. S. A. 107 (39), 16794–16799.
Gliessman, S., 2015. A global vision for food system transformation. Agroecol. Sustain. Food Syst. 39 (7), 721–726.
Grin, J., Felix, F., Bos, B., Spoelstra, S., 2004. Practices for reﬂexive design: lessons from a Dutch programme on sustainable agriculture. Int. J. Foresight
Innov.  Policy 1 (1/2), 126–149.
Grin, J., Rotmans, J., Schot, J., 2010. Transitions to Sustainable Development: New Directions in the Study of Long Term Transformative Change. Routledge,
New  York.
Grin, J., 2010. Understanding transitions from a governance perspective. In: Grin, J., Rotmans, J., Schot, J. (Eds.), Transitions to Sustainable Development:
New  Directions in the Study of Long Term Transformative Change. Routledge, New York, pp. 223–319.
Grunwald, A., 2007. Working towards sustainable development in the face of uncertainty and incomplete knowledge. J. Environ. Policy Plann. 9 (3–4),
245–262.
Gunderson, L.H., Holling, C.S., 2002. Panarchy: Understanding Transformations in Human and Natural Systems. Island Press, Washington.
HLPEP (High-Level Panel of Eminent Persons), 2013. A new global partnership: eradicate poverty and transform economies through sustainable
development. In: The Report of the High-Level Panel of Eminent Persons on the Post-2015 Development Agenda, United Nations New York.
Hackmann, H., St. Clair, A.L., 2012. Transformative Cornerstones of Social Science Research for Global Change. International Social Science Council, Paris.
Hajer, M.,  Nilsson, M.,  Raworth, K., Berkhout, F., Bakker, P., de Boer, Y., Rockstrom, J., Ludwig, K., Kok, M.,  2015. Beyond cockpit-ism: four insights to
enhance the transformative potential of the sustainable development goals. Sustainability 7 (2), 1651–1660.
Hansen, T., Coenen, L., 2014. The geography of sustainability transitions: review, synthesis and reﬂections on an emergent research ﬁeld. Environ. Innov.
Soc.  Transit.
Hendriks, C.M., Grin, J., 2007. Contextualizing reﬂexive governance: the politics of dutch transitions to sustainability. J. Environ. Policy Plann. 9 (3–4),
333–350.
Hilldingsson, R., 2014. Governing Decarbonisation: The State and the New Politics of Climate Change. PhD Thesis. Lund University, Sweden.
Hoffman, J., 2013. Theorizing power in transition studies: the role of creativity and novel practices in structural change. Policy Sci. 46, 257–275,
http://dx.doi.org/10.1007/s11077-013-9173-2.
Hofman, P.S., Elzen, B., 2010. Exploring system innovation in the electricity system through sociotechnical scenarios. Technol. Anal. Strateg. Manage. 22
(6),  653–670.
Hulme, M.,  2009. Why  We Disagree about Climate Change: Understanding Controversy, Inaction and Opportunity. Cambridge. Cambridge University
Press, United Kingdom.
Jordan, A., Matt, E., 2014. Designing policies that intentionally stick: policy feedback in a changing climate. Policy Sci. 47, 227–247.
Kates, R.W., Travis, W.R., Wilbanks, T.J., 2012. Transformational adaptation when incremental adaptations to climate change are insufﬁcient. Proc. Natl.
Acad.  Sci. U. S. A. 109 (19), 7156–7161.Please cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
Kemp, R., van Lente, H., 2011. The dual challenge of sustainability transitions. Environ. Innov. Soc. Transit. 1, 121–124.
Kemp, R., Loorbach, D., Rotmans, J., 2007. Transition management as a model for managing processes of co-evolution towards sustainable development.
Int.  J. Sustain. Dev. World Ecol. 14 (1), 78–91.
Kenny, M.,  Meadowcroft, J. (Eds.), 1999. Planning Sustainability. Routledge, London.
G Model
E
L
L
L
L
L
L
L
L
L
L
L
M
M
M
M
M
M
N
N
N
N
O
O
O
O
O
O
P
P
P
P
P
R
R
R
R
R
S
S
S
S
S
S
S
S
S
T
v
VARTICLE IN PRESSIST-222; No. of Pages 16
J. Patterson et al. / Environmental Innovation and Societal Transitions xxx (2016) xxx–xxx 15
each, M.,  Scoones, I., Stirling, A., 2007a. Pathways to Sustainability: An Overview of the STEPS Centre Approach, STEPS Approach Paper. STEPS Centre,
Brighton.
each, M.,  Bloom, G., Ely, A., Nightingale, P., Scoones, I., Shah, E., Smith, A., 2007b. Understanding Governance: Pathways to Sustainability, STEPS Working
Paper 2. STEPS Centre, Brighton.
each, M.,  Scoones, I., Stirling, A., 2010. Dynamic sustainabilities: technology, environment. In: Social Justice. Earthscan, Abingdon.
each, M.,  Rockström, J., Raskin, P., Scoones, I., Stirling, A.C., Smith, A., Thompson, J., Millstone, E., Ely, A., Arond, E., Folke, C., Olsson, P., 2012. Transforming
innovation for sustainability. Ecol. Soc. 17 (2), 11, http://dx.doi.org/10.5751/ES-04933-170211, URL:.
each, M.,  Raworth, K., Rockström, J., 2013. Between social and planetary boundaries: navigating pathways in the safe and just space for humanity. In:
ISSC/UNESCO World Social Science Report 2013: Changing Global Environments. OECD Publishing and UNESCO Publishing,
http://dx.doi.org/10.1787/9789264203419-10-en.
ebel, L., Anderies, J.M., Cambell, C., Folke, C., Hatﬁeld-Dodds, S., Hughes, T.P., Wilson, J., 2006. Governance and the capacity to manage resilience in
regional social-ecological systems. Ecol. Soc. 11 (1), 19.
evin, K., Cashore, B., Bernstein, S., Auld, G., 2012. Overcoming the tragedy of super wicked problems: constraining our future selves to ameliorate global
climate change. Policy Sci. 45 (2), 123–152.
indblom, C.E., 1959. The science of muddling through. Public Adm. Rev. 19 (2), 79–88.
issandrello, E., Grin, J., 2011. Reﬂexive planning as design and work: lessons from the Port of Amsterdam. Plann. Theory Pract. 12 (2), 223–248,
http://dx.doi.org/10.1080/14649357.2011.580156.
oorbach, D., Rotmans, J., 2010. The practice of transition management: examples and lessons from four distinct cases. Futures 42, 237–246.
oorbach, D., 2009. Transition management for sustainable development: a prescriptive, complexity-based governance framework. Gov. Int. J. Policy Adm.
Inst.  23 (1), 161–183.
ahoney, J., Thelen, K. (Eds.), 2010. Explaining Institutional Change: Ambiguity, Agency, and Power. Cambridge University Press, New York.
cCormick, K., Anderberg, S., Coenen, L., Neij, L., 2013. Advancing sustainable urban transformation. J. Clean. Prod. 50, 1–11.
eadowcroft, J., 1997. Planning for sustainable development: insights from the literatures of political science. Eur. J. Political Res. 31, 427–454.
eadowcroft, J., 2007. Who’s in charge here? Goverance for sustainable development in a complex world. J. Environ. Policy Plann. 9 (3–4), 299–314.
eadowcroft, J., 2011. Engaging with the politics of sustainability transitions. Environ. Innov. Soc. Transit. 1, 70–75.
oore, M.-L., Tjornbo, O., Enfors, E., Knapp, C., Hodbod, J., Baggio, J.A., Norström, A., Olsson, P., Biggs, D., 2014. Studying the complexity of change: toward
an  analytical framework for understanding deliberate social-ecological transformations. Ecol. Soc. 19 (4), 54,
http://dx.doi.org/10.5751/ES-06966-190454.
ewell, P., 2008. Civil society: corporate accountability and the politics of climate change. Global Environ. Politics 8 (3), 122–153.
ewell, B., 2012. Simple models, powerful ideas: towards effective integrative practice. Global Environ. Change 22, 776–783.
orgaard, R.B., 1995. Beyond materialism: a coevolutionary reinterpretation of the environmental crisis. Rev. Soc. Econ. 53 (4), 475–492.
orgaard, R.B., 2006. Development Betrayed: The End of Progress and a Co-Evolutionary Revisioning of the Future. Routledge, New York.
’Brien, K., Selboe, E., 2015. The Adaptive Challenge of Climate Change. Cambridge University Press, New York.
’Brien, K.L., 2012. Global environmental change II: from adaptation to deliberate transformation. Prog. Hum. Geogr. 36 (5), 667–676.
’Brien, K.L., Wolf, J., 2010. A values-based approach to vulnerability and adaptation to climate change. Wiley Interdiscip. Rev. Clim. Change 1 (2), 232–242.
lsson, P., Folke, C., Hahn, T., 2004. Social-ecological transformation for ecosystem management: the development of adaptive co-management of a
wetland landscape in southern Sweden. Ecol. Soc. 9 (4), 2 [online] URL: http://www.ecologyandsociety.org/vol9/iss4/art2.
lsson, P., Gunderson, L.H., Carpenter, S.R., Ryan, P., Lebel, L., Folke, C., Holling, C.S., 2006. Shooting the rapids: navigating transitions to adaptive
governance of social-ecological systems. Ecol. Soc. 11 (1), 18.
lsson, P., Galaz, V., Boonstra, W.J., 2014. Sustainability transformations: a resilience perspective. Ecol. Soc. 19 (4), 1,
http://dx.doi.org/10.5751/ES-06799-190401 [online] URL:.
BL (Netherlands Environmental Assessment Agency), 2012. Roads from Rio +20. Pathways to Achieve Global Sustainability Goals by 2050. PBL
Netherlands Environmental Assessment Agency, The Hague, The Netherlands, ISBN: 978-94-91506-00-0. URL: http://roadsfromrio.pbl.nl.
ahl-Wostl, C., Holtz, G., Kastens, B., Knieper, C., 2010. Analyzing complex water governance regimes: the Management and Transition Framework.
Environ. Sci. Policy 13 (7), 571–581.
elling, M.,  Manuel-Navarrete, D., 2011. From resilience to transformation: the adaptive cycle in two  Mexican urban centers. Ecol. Soc. 16 (2), 11 [online]
URL:  http://www.ecologyandsociety.org/vol16/iss2/art11/.
elling, M.,  2011. Adaptation to Climate Change: From Resilience to Transformation. Oxford, UK.
olanyi, K., 1944. The Great Transformation, the political and economic origins of our time. Boston.
aworth, K., 2012. A safe and just space for humanity: can we  live within the doughnut? In: Oxfam Discussion Paper [online] URL:
http://www.oxfam.org/en/grow/policy/safe-and-just-space-humanity.
evi, A., Satterthwaite, D., Aragón-Durand, F., Corfee-Morlot, J., Kiunsi, R.B.R., Pelling, M.,  Roberts, D., Solecki, W.,  Gajjar, S.P., Sverdlik, A., 2014. Towards
transformative adaptation in cities; the IPCC’s Fifth Assessment. Environ. Urban. 26 (1), 11–28.
ibot, J., 2011. Vulnerability before adaptation: toward transformative climate action. Global Environ. Change 21, 1160–1162.
ockström, J., Steffen, W.,  Noone, K., Persson Å, Chapin III, F.S., Lambin, E., Lenton, T.M., Scheffer, M.,  Folke, C., Schellnhuber, H., Nykvist, B., De Wit, C.A.,
Hughes, T., van der Leeuw, S., Rodhe, H., Sörlin, S., Snyder, P.K., Costanza, R., Svedin, U., Falkenmark, M.,  Karlberg, L., Corell, R.W., Fabry, V.J., Hansen, J.,
Walker, B., Liverman, D., Richardson, K., Crutzen, P., Foley, J., 2009. Planetary boundaries: exploring the safe operating space for humanity. Ecol. Soc.
14  (2), 32 [online] URL: http://www.ecologyandsociety.org/vol14/iss2/art32/.
otmans, J., Kemp, R., van Asselt, M.,  2001. More evolution than revolution: transition management in public policy. Foresight 3 (1), 15–31.
achs, J., Tubiana, L., Guerin, E., Waisman, H., Mas, C., Colombier, M.,  Schmidt-Traub, G., 2014. Pathways to Deep Decarbonization, 2014 Report.
Sustainable Development Solutions Network (SDSN) and Institute for Sustainable Development and International Relations (IDDRI).
chot, J., Geels, F., 2008. Strategic niche management and sustainable innovation journeys: theory, ﬁndings, research agenda, and policy. Technol. Anal.
Strateg. Manage. 20 (5), 537–554.
chulz, K., Siriwardane, R., 2015. Depoliticized and Technocratic? Normativity and the Politics of Transformative Adaptation. Earth System Governance
Working Paper No. 33. Earth System Governance Project, Lund and Amsterdam.
coones, I., Leach, M.,  Newell, P. (Eds.), 2015. The Politics of Green Transformations. Routledge, UK.
mith, A., Stirling, A., 2010. The politics of social-ecological resilience and sustainable socio-technical transitions. Ecol. Soc. 15 (1), 11 [online] URL:
http://www.ecologyandsociety.org/vol15/iss1/art11/.
mith, A., Stirling, A., Berkhout, F., 2005. The governance of sustainable socio-technical transitions. Res. Policy 34 (10), 1491–1510.
tirling, A., 2011. Pluralising progress: from integrative transitions to transformative diversity. Environ. Innov. Soc. Transit. 1, 82–88.
tirling, A., 2014. Emancipating Transformations: From Controlling ‘The Transition’ to Culturing Plural Radical Progress, STEPS Working Paper 64. STEPS
Centre, Brighton, UK.
treeck, W.,  Thelen, K.A., 2005. Beyond Continuity: Institutional Change in Advanced Political Economies. Oxford University Press, New York.
helen, H., 2009. Institutional change in advanced political economies. Br. J. Ind. Relations 47 (3), 471–498.Please cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
an den Bergh, J.C.J.M., Truffer, B., Kallis, G., 2011. Environmental innovation and societal transitions: introduction and overview. Environ. Innov. Soc.
Transit. 1, 1–23.
ermeulen, S.J., Challinor, A.J., Thornton, P.K., Campbell, B.M., Eriyagama, N., Vervoort, J.M., Kinyangi, J., Jarvis, A., Läderach, P., Ramirez-Villegas, J., Nicklin,
K.J.,  Hawkins, E., Smith, D.R., 2013. Addressing uncertainty in adaptation planning for agriculture. Proc. Natl. Acad. Sci. 110 (21), 8357–8362.
G Model ARTICLE IN PRESSEIST-222; No. of Pages 16
16 J. Patterson et al. / Environmental Innovation and Societal Transitions xxx (2016) xxx–xxx
Voß, J.-P., Bornemann, B., 2011. The politics of reﬂexive governance: challenges for designing adaptive management and transition management. Ecol.
Soc.  16 (2).
Voß, J.-P., Bauknecht, D., Kemp, R., 2006. Reﬂexive Governance for Sustainable Development. Edward Elgar, Cheltenham.
Voß, J.-P., Smith, A., Grin, J., 2009. Designing long-term policy: rethinking transition management. Policy Sci. 42 (4), 275–302.
WBGU (German Advisory Council on Global Change), 2011. World in Transition: A Social Contract for Sustainability. WBGU Secretariat, Berlin.
Walker, B., Holling, C.S., Carpenter, S.R., Kinzig, A., 2004. Resilience, adaptability and transformability in social-ecological systems. Ecol. Soc. 9 (2), 5.
Weick, K.E., 1984. Small wins: redeﬁning the scale of social problems. Am.  Psychol. 39, 40–49.
Weiss, A., Woodhouse, E., 1992. Reframing incrementalism: A constructive response to the critics. Policy Sci. 25, 255–273.
Westley, F., Antadze, N., 2010. Making a difference: strategies for scaling social innovation for greater impact. Innov. J. Public Sect. Innov. J. 15 (2), 1–18.
Westley, F., Olsson, P., Folke, C., Homer-Dixon, T., Vredenburg, H., Loorbach, D., Thompson, J., Nilsson, M.,  Lambin, E., Sendzimir, J., Banerjee, B., Galaz, V.,
van  der Leeuw, S., 2011. Tipping toward sustainability: emerging pathways of transformation. Ambio 40 (7), 762–780.
Westley, F.R., Tjornbo, O., Schultz, L., Olsson, P., Folke, C., Crona, B., Bodin, Ö., 2013. A theory of transformative agency in linked social-ecological systems.Please cite this article in press as: Patterson, J., et al., Exploring the governance and politics of transformations towards
sustainability. Environ. Innovation Soc. Transitions (2016), http://dx.doi.org/10.1016/j.eist.2016.09.001
Ecol.  Soc. 18 (3), 27, http://dx.doi.org/10.5751/ES-05072-180327, URL:.
Wittmayer, J.M., Schäpke, N., 2014. Action, research and participation: roles of researchers in sustainability transitions. Sustainability Sci. 9, 483–496,
http://dx.doi.org/10.1007/s11625-014-0258-4.
Wittmayer, J.M., Schäpke, N., van Steenbergen, F., Omann, I., 2014. Making sense of sustainability transitions locally: how action research contributes to
addressing societal challenges. Crit. Policy Stud., http://dx.doi.org/10.1080/19460171.2014.957336.
